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Abstract
The papers presented at a symposium on the topic of ‘Computational Aeroacoustics for Aircraft Noise Prediction’
are reviewed in this article. The background to the symposium and its objectives are presented and the outcomes of
the plenary discussions are reported.
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1. The objectives of the symposium
A symposium on the subject of ‘Computational Aero-Acoustics (CAA) for Aircraft Noise Prediction’ was held at
Chilworth Manor near Southampton in March 2010. It was hosted by the Institute of Sound and Vibration Research
(ISVR) under the aegis of the International Union of Theoretical and Applied Mechanics (IUTAM). The symposium
was supported by the Engineering and Physical Sciences Research Council of the United Kingdom, and by Rolls-
Royce plc. Draft papers were submitted prior to the symposium, and edited versions were resubmitted following the
symposium. These articles form the remainder of the current ‘procedia’. The objectives of the symposium were;
• To review and assess how CAA contributes to the prediction and reduction of aircraft noise.
• To identify the state of the art in CAA across the full spectrum of aircraft noise sources and transmission paths.
• To deﬁne the limitations of CAA and to identify unﬁlled gaps and challenges.
• To review the extent to which current CAA can be regarded as a validated technology for aircraft noise predic-
tion.
2. Background. The aircraft noise probblem
The impact of commercial aircraft on the environment presents a major challenge to the aviation industry. The
beneﬁts of fast and eﬃcient air transport are enormous, but the projected growth in passenger numbers - estimated at
between 3.0 and 4.0 % per annum over the next decade - poses a potential threat to the environment through its impact
on air quality, greenhouse gas emissions and noise.
c© 2010 Published by Elsevier Ltd.
Reprint of: ✩
✩ This article is a reprint of a previously published article. For citation purposes, please use the original publication details: Procedia Engineering 6C 
(2010) 1–8. DOI of original item: 10.1016/j.proeng.2010.09.001
Open access under CC BY-NC-ND license.
Open access under CC BY-NC-ND license.
2  R.J. Astley, G. Gabard / Procedia IUTAM 1 (2010) 1–8
The nature of the problem has been summarized by the Advisory Council for Aeronautics Research in Europe
(ACARE) in its ‘Vision for 2020’ report 1 and the associated ‘Strategic Research Agenda’(SRA), published in 2001
and 2002 respectively. The SRA suggested that the only way to manage the projected growth in air traﬃc in an
environmentally acceptable way, is to adopt a ‘balanced approach’ in which technologies are developed in parallel to
progressively improve air quality, reduce carbon emissions and reduce noise in new aircraft entering service. Stringent
goals were set for the ﬁrst stage of this process. These include a 50% reduction in carbon emissions per passenger
kilometre and a 10 dB reduction in aircraft noise - as measured by the Eﬀective Perceived Noise Level (EPNL) at
noise certiﬁcation points - for aircraft entering service in 2020 compared to a notional ‘datum’ level for the year 2000.
The achievement of this noise target implies an order of magnitude reduction in radiated sound power for new
aircraft. The development of novel technologies to achieve this goal is inhibited by the costs that are incurred by
physical testing of new engine and airframe conﬁgurations. This brings into sharp focus the value and desirability
of replacing physical testing by CAA simulation. Advances in CAA capability will be required however if it is to
be applied with conﬁdence to new conﬁgurations and if results are to be generated within process-times which are
compatible with industry timescales; i.e. simulations that predict relevant noise metrics in hours or days rather than
weeks or months.
3. The Format of the Symposium
The symposium extended over three days and was attended by forty one invited participants. These included
established researchers, promising early career researchers and industry panelists. There were no parallel sessions.
The programme was organised under four subheadings; Jet noise, propagation and liners, turbomachinery noise, and
airframe noise. At the conclusion of presentations on each subtopic, a discussion took place in which all of those
present joined with an industry panel to comment on the material presented and to formulate a collective response to
four general questions. These were;
1. To what extent does CAA contribute to aircraft noise prediction at the present time?
2. What constraints, if any, limit the application of CAA to aircraft noise prediction?
3. What research is needed to expand the role of CAA in aircraft noise prediction ?
4. What impedes industry take-up of current and future CAA prediction capability?
Each plenary discussion was led by a rapporteur who produced a short summary of the discussion. Edited versions
of these summaries form the remainder of this article. Individual articles in the proceedings will be referred to in this
discussion by the name of the ﬁrst author and/or the paper number in the procedia contents list (e.g. Astley[1])
4. Jet Noise (Brian Tester rapporteur, articles 2 to 12)
The contributions to the symposium on jet noise fall into three broad categories: RANS-based, acoustic-analogy
models; LES-based models that produce jet noise predictions directly from the LES solution; and DNS models and
DNS related methods (e.g linear and non-linear Parabolized Stability Equations) which aim at an improved under-
standing of jet noise, rather than noise prediction, per se. It was agreed at the outset that for the purposes of the
symposium, ‘prediction’ should be interpreted broadly to include ‘leading to improved understanding’ as well as the
direct prediction of EPNL. The discussion of jet noise methods was prefaced by a debate on the range of (single
stream) non-dimensional parameters which were appropriate to noise prediction for realistic turbofan aero-engines
(excluding military aircraft). The industrial requirement is normally for a two-stream coaxial jet exhaust, but the
semi-empirical prediction and understanding of coaxial jet noise is still largely based on ‘equivalent’ single stream
jets. The following ranges of values are needed for such calculations;
• Strouhal number S t in the range 0.1 to 20.0 (based on jet nozzle diameter)
• Acoustic jet velocity ratio VR in the range 0.4 to 2.0 (deﬁned as Vj/a0, where Vj is the jet velocity, and a0 is the
ambient sound speed)
1http://www.acare4europe.com/
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• Static temperature ratio TR in the range 1 to 3.
Concerning the upper limit of the Strouhal number range, this may appear somewhat high for a real engine, but it
was noted that jet noise data was regularly acquired from scaled models with jet diameters in the range 3 to 12 inches
for frequencies up to 80 or 100 kHz giving Strouhal numbers considerably in excess of S t=20. Some key points that
emerged from the general discussion, speciﬁcally from an industry perspective, were:
• While jet noise has become less of a dominant source on large engines, it will remain an important noise source
for the foreseeable future, particularly for the smaller aircraft, with engine bypass ratios unlikely to exceed 5.0.
• Industry requirements for jet noise prediction will always include (a) very rapid, semi-empirical methods which
can be applied within minutes, (b) more realistic but still relatively fast RANS+Acoustic-analogy methods
which require substantial computation but can be completed within hours rather than days or weeks, and (c)
leading edge methods such as LES, which require days or weeks of computation even on large parallel systems.
• A reasonable band for accuracy in jet noise prediction is within 1 dB, though this often applies to ‘deltas’, the
diﬀerence in noise between diﬀerent conﬁgurations, rather than to absolute levels.
The following collective responses were noted to the four ‘CAA questions’ as they relate speciﬁcally to jet noise
prediction.
4.1. To what extent does CAA contribute to jet noise prediction?
There have been signiﬁcant advances in the use of LES and DES for jet noise prediction in recent years, largely
conﬁned to un-heated jets and to low to medium Strouhal numbers. Most of the material presented at the symposium
related to such work [papers 2-6,10,12]. It was not clear what Strouhal number range can be reliably covered at
present but the work presented by Shur [6] on LES modelling of jet noise suppression with microjets oﬀers solutions
for S t=15, although a more cautious estimate would be S t=10. The approach described by Shur obtained the far-
ﬁeld noise from the LES solution on a Kirchhoﬀ or FWH surface and achieved impressive agreement with measured
far-ﬁeld noise spectra. This direct approach is used by industry (Boeing) and has the advantage of not relying on
any kind of acoustic analogy. On the other hand every new conﬁguration requires a separate LES solution, and
this precludes its direct use in any kind of parametric design study. This conclusion was challenged however by
Freund [7] who showed how an adjoint approach might be combined with LES to reduce the computational eﬀort
involved in applications such as control and optimisation which customarily involve large numbers of computations.
At present however LES should be placed in the ‘improving understanding of noise mechanisms’ category rather than
contributing directly to EPNL estimation. The work presented by Jordan [12] complemented the direct LES approach
by providing insight into jet noise mechanisms and in particular the eﬀects of temperature, through interpretation of
LES solutions. This indicated that the temperature ﬁeld is highly correlated with the momentum ﬁeld: a somewhat
unexpected result.
In terms of the practical application of LES data to jet noise prediction, a review of an ‘LES-informed’ approach
was presented at the symposium by Hynes and Dowling. No written paper was submitted but the method has since
been reported elsewhere in a comprehensive article by the same group2 in which estimates of the length and time scales
taken directly from two-point cross-correlations of the LES data are used along with the Tam ﬁne-scale correlation
model to obtain ‘calibration constants’ for a subsequent RANS-based evaluation of the source strength. A linearised
Euler code is then used to compute the acoustic radiation. There is evidence however that the calibration constants are
‘universal’ and hence that RANS-based jet noise predictions for various conﬁgurations may be able to be conducted
without the need for extensive LES calculations. This would certainly lead to a much more straightforward method
whereby high ﬁdelity LES solutions could be applied to industry noise predictions. The potential beneﬁt to industry
of this approach will become more apparent when the model has been validated against measured data over a wider
range of jet velocities.
2Karabasov et al. ‘Jet noise: Acoustic Analogy Informed by Large Eddy Simulation’ AIAA J, 48(7) 1312-1325, July 2010
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4.2. What constraints, if any, limit the application of CAA to jet noise prediction?
Although the basic equations governing unsteady aerodynamic ﬂows are well deﬁned, there is still uncertainty
over the deﬁnition of the sources of aerodynamic noise, and diﬃculties associated with describing the statistics and/or
dynamics of turbulence. This uncertainty has constrained the application of CAA to jet noise. It does not aﬀect the
direct LES approach but our understanding of jet noise and development of noise control methods will be signiﬁcantly
enhanced if a consensus can be reached on a unique deﬁnition of the sources of jet mixing which is still a subject of
debate, a matter which was touched on in a number of symposium presentations [8,9,11]. Other practical limitations
include: Lack of noise and aerodynamic validation data to assess the extent to which the inﬂuence of the upstream
conditions and the nozzle are captured, and practical limitations on LES problem size, currently around 400 million
grid points.
4.3. What research is needed to expand the role of CAA for aircraft noise prediction ?
While full LES modelling is possible for realistic isolated jets [6], a step change in computing power is required
to model noise from installed jets. This also requires improved mesh generation tools for high-order unstructured and
structured grids.
4.4. What impedes industry take-up of current and future CAA jet noise prediction capability?
The main impediments are - not necessarily in order of priority - computer resources normally available to Indus-
try, the inability of LES to deal with realistic installed conﬁgurations, post-processing bottle necks for large LES data
sets, and the lack of robust commercial LES codes.
5. Propagation and Liners (Walter Eversman rapporteur, articles 13 to 21).
The papers presented at the symposium on propagation and liners covered a wide range of topics. Astley [16]
presented a review of available approaches for modeling propagation and radiation directed toward the development
of viable optimization schemes for acoustic linings. Eversman [13] presented an extension of an industry ready
frequency domain FEM propagation and radiation code that includes a non-linear lining model and accounts for the
dependence of local impedance on local sound pressure level. New high ﬁdelity codes based on the Linearized Euler
Equations were discussed in papers by Richter [15] addressing stability of the time domain impedance boundary
condition, and by Ozyoruk [17] who focussed on the instability of the shear layer at the lip of the aft fan duct in
frequency domain computations. Although not included in these proceedings, Peake described the development of a
semi-analytic solution for propagation and radiation in a coaxial exhaust ﬂows to provide benchmark solutions for high
ﬁdelity codes. Rienstra [14] presented a continuation of previous work assessing the instability of the Myers boundary
condition in the time domain, and establishing the scale of the boundary layer required to assure stability when the
impedance boundary is representative of a mass-spring-damper (particularly relevant to Richter et al [15]). Casalino
[18] examined forms of the acoustic ﬁeld equations that are alternates to the conventional potential formulation and
the Linearized Euler Equations. Zhang [19] reported ﬁrst steps toward modeling broad band noise in the time domain
using the Linearized Euler Equations. Gabard [20] reported development of FEM-like methods that make use of
element interpolation that embodies local solutions of the ﬁeld equations to achieve accurate interpolation with a
reduced number of variables and hence increase computational eﬃciency for a give level of accuracy. Both of the
latter papers represent work in progress.
5.1. To what extent does CAA contribute to the prediction of propagation and liner performance?
CAA Propagation codes divide broadly into those that solve the convected Helmholtz equation and those that
resolve the Linearised euler equations (LEE). The commercial Finite Element (FE) code ACTRAN-TM and a similar
though less comprehensive FE code developed by Eversman for propagation and radiation, belong to the ﬁrst of these
categories. These are widely use in industry to predict the eﬀect of nacelle geometry and treatment on far-ﬁeld SPL
and are increasingly used for liner optimization. LEE codes formulated in the time domain are more computationally
demanding and used at present more for improved understanding than for direct noise calculation.
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5.2. What constraints, if any, limit the application of CAA to propagation and liner performance?
The main limitation for application of high ﬁdelity LEE propagation models is problem size and computation time.
If codes of this type are to be integrated with industry optimization schemes, a rapid turn-around is required. High
ﬁdelity models for complicated geometries such as aft fan duct acoustic radiation also require a major investment in
time for grid generation and this is seen as a further limitation to routine use in industry. Validation is also a major
issue. While some good work has been done in this area, the scarcity of compelling validation studies on rig or engine
data is a concern to industry users. Analytical benchmark problems, although not capturing all of the complications
of geometry and physics have proved a useful adjunct to the development of these codes.
5.3. What research is needed to expand the role of CAA in predicting propagation and liner performance?
Codes that can be integrated in the design process are a high priority. These will be based on fast algorithms with
suﬃcient accuracy to capture essential features and should include automated grid generation. Further work is needed
on modeling installation eﬀects such as near-by reﬂecting surfaces. Non-linear propagation eﬀects which result in
Multiple Pure Tones and are generally present in high amplitude sound ﬁelds should be incorporated in such models.
Industry would like to have codes with ﬁdelity of 1 dB compared to static engine tests and ﬂight measurements. This
goal will be very diﬃcult to achieve with current methods in the near term, given the uncertainties associated with
installation eﬀects, atmospheric propagation, and source models. An immediate industry need is the development of a
reliable source model for fan and fan/exit guide vane generated noise, including the evolution of Multiple Pure Tones.
5.4. What impedes industry take-up of current and future CAA prediction capability for propagation and liners?
Industry has been progressive in adopting CAA in instances where the eﬃciency and comprehensiveness of the
models and algorithms has been shown to be consistent with their role in the design process. The most notable
example is the wide adoption of ACTRAN-TM and similar codes over the last decade. A potential impediment to the
adoption of future, higher ﬁdelity CAA is the disconnect which often exists between the users and the developers of
CAA software. The user is driven by the requirement for a quick turn-around of design iterations while the software
developer is often working on more comprehensive models directed at cutting edge problems. More eﬀort needs to be
expended on the middle ground so that new methods can be gradually incorporated into the design process. As noted
in 5.2 above, insuﬃcient validation of CAA models can also be a major impediment to their use. The scarcity of rig
and engine scale validation data available to code developers is always a problem.
6. Turbomachinery Noise (Haﬁz Atassi rapporteur, articles 21 to 26).
The session on turbomachinery noise contained six papers losely related to the computation of turbomachinery
source noise. Oliver Atassi [21] presented an overview of the future challenges for computational aeroacoustics in
this area and indicated that from the industry point of view, the trends are toward higher fan diameters for improved
propulsive eﬃciency without increasing weight. This implies shorter nacelles and less acoustic liner. CAA is a
technology enabler by allowing designers to reduce noise more through local aerodynamic design to compensate for
the trend of less acoustic liner area. He identiﬁed speciﬁc areas where progress in CAA is needed; developing fan
broadband noise methods, accounting for blade geometry and combustion noise, and accounting for the eﬀect of
heat release. Hixon [22] presented a nonlinear Euler formulation and a method for the pressure-free imposition of
three-dimensional vortical disturbances. Results for the gust evolution in a 2D and a 3D ﬂat plate cascade show good
agreement with analytical results. Haﬁz Atassi [23] described an eﬃcient method for computing tonal and broadband
interaction noise of an annular loaded cascade in non-uniform ﬂow using linearized unsteady Euler equations about a
nonlinear mean ﬂow and thus accounting for 3D and swirl eﬀects. The validity of the Euler method is supported by
LES simulation for a single airfoil showing good agreement between linearized Euler and LES for wake ﬂuctuations
up to 15 % of the mean velocity. Extension of the linearized method to broadband noise shows excellent agreement
with NASA SDT data.
Lockard [24] presented examples to assess the correctness of numerical solutions for unsteady ﬂows around com-
plex geometries using truncation error on a sequence of clustered meshes. This method provides an alternative to the
costly grid reﬁnement method for validation and veriﬁcation of CFD and CAA codes. Importantly for CAA codes, he
showed that higher order accuracy was attained only after suﬃcient grid resolution existed.
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Bodony [25] explored the use of the CHIMERA-Overset scheme in CAA for complex geometries and moving
boundaries. He examined how the complex geometry impacts the accuracy of the boundary conditions and the moving
mesh management. Finally, Kim [26] described a modiﬁed sponge technique for inﬂow-outﬂow boundary conditions
in direct computation of high frequency airfoil noise in a gust. Validation shows the new method gives improved
accuracy at lower computational cost.
In the plenary discussion, the following responses were recorded to the questions listed in section 3 as they relate
to turbomachinery noise.
6.1. To what extent does CAA contribute to the prediction of turbomachinery noise?
CFD and CAA contribute currently to fan noise prediction and design by demonstrating the eﬀectiveness of new
technologies and concepts. CFD RANS codes reasonably predict wakes nonuniformities and scales. However, they
do not predict the turbulence and noise spectra. Industry noise spectra predictions are mostly based on (a) RANS
codes for the inﬂow nonuniformities, (b) the strip theory approximation, (c) the ﬂat plate linear cascade model, and
(d) the coupling of the resulting array of unsteady sectional lifts to the acoustic modes of an annular duct with a
uniform ﬂow via a Green’s function. Recent eﬃcient codes using the linearized 3D Euler equations fully account
for the inﬂow-fan-duct coupling. Such codes are making their way to industrial applications in tonal and broadband
noise predictions. In the area of combustion noise the models are still very elementary given the complex physical
phenomena involved.
6.2. What constraints, if any, limit the application of CAA to the prediction of turbomachinery noise?
The complex interaction processes, the inﬂow-fan-duct coupling, the multiple length scales and the high frequency
are the real constraints to eﬃcient codes fully accounting for multi-row systems with complex blade geometries. Large
CPU times, cost and not-easy-to-use codes further hinder integration in the design process, particularly for broadband
and combustor noise. The sensitivity of noise to details of the geometry, for example, near the blade leading edge,
requires signiﬁcant investment in grid generation and code development. This added cost is not easy to justify in the
current industrial environment.
6.3. What research is needed to expand the role of CAA in predicting turbomachinery noise?
The priorities for further research in turbomachinery noise are driven by two issues. First, new scientiﬁc and
technical developments are needed to account for strong inﬂow-fan-duct coupling eﬀects including high frequency,
blade geometry and multi-row interaction, not only at design operating conditions but also at oﬀ-design conditions
corresponding to take-oﬀ and landing. Secondly, any new methods and codes must be eﬃcient, robust, easy to use,
and able to be integrated in the design process. Thus, well crafted 3D linearized Euler methods with RANS codes
may become the next prediction tool for broadband and high frequency turbomachinery noise. Analytical methods
will be useful for helping to guide numerical developments and establishing benchmarks. LES will remain more of a
research tool than an industry prediction tool, particularly for broadband noise and combustion noise.
6.4. What impedes industry take-up of current and future CAA prediction capability for turbomachinery noise?
The industry wants eﬃcient, robust and easy to use codes which can be integrated with their design tools. As
CAA technology evolves in this direction, they will use it. However, they will not commit currently to the required
investment for its development.
7. Airframe Noise (Xin Zhang rapporteur, articles 24, 27 to 32).
Papers dealing with airframe noise focussed on noise benchmark cases, best CAA practices, the use of linearised
formulations for high-lift device noise, and DES/LES computations for landing gear noise.
Lockard [24] in a paper which related also to turbomachinery interaction noise, introduced some best practices
in setting up CAA computation, and used simple examples to evaluate the truncation error on a sequence of meshes
to estimate minimum requirements to achieve the design order accuracy for a numerical scheme. Examples used
include tandem cylinder and nose landing gear. This work will be useful for students and engineers attempting to set
up a CAA airframe noise computation. Khorrami [28] presented a generic nose landing gear as a benchmark case
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for CAA airframe noise computation. The gear conﬁguration was developed by NASA and Gulfstream Aerospace
Company. Similar gear conﬁgurations exist within other industry companies. There is obviously a requirement
for real-world conﬁgurations and associated acoustic databases to validate large scale CAA airframe computations.
This work represents a timely eﬀort. Spalart et al. [30] described a DES simulation of a four-wheel landing gear
conﬁguration, presenting details of numerical and acoustic treatment. The size of the computational grid was 18
million. Imamura [31] presented an LES simulation of landing gear noise for a somewhat larger grid of 26 millions
points. Both computations represent the state-of-art CAA for landing gear simulation. Both are work in progress.
The process-time required suggests there is a long way to go before real engineering applications become possible.
Ewert et al [27] introduced a hybrid RANS/CAA approach to simulate broadband sound generation and propagation.
The method rests on the use of steady Reynolds Averaged Navier-Stokes (RANS) simulation to prescribe the time-
averaged motion of turbulent ﬂow. By means of synthetic turbulence, the steady one-point statistics and turbulent
length- and time-scales of RANS are translated into ﬂuctuations of turbulent velocity. The method was applied to
high-lift systems. This approach required further validation and wide user base.
7.1. To what extent does CAA contribute to the prediction of airframe noise?
In terms of predicting systems level airframe noise for real conﬁgurations, CAA does not currently play a signiﬁ-
cant role. New concepts (e.g., the continuous mold line for ﬂap edge) are typically assessed in tunnels or in ﬂight tests
rather than by CAA simulation. Due to the complexity of the noise generation mechanisms, attempting to use CAA to
guide the development of simpler/faster physics-based models hasn’t been as fruitful as once envisioned. Currently,
CAA is typically applied to component level geometries (e.g., slat or ﬂap side edge) that are a simpliﬁed version of
an actual component in order to understand the fundamentals of the noise generation processes/mechanisms. How-
ever, high-ﬁdelity time-accurate simulations combined with forms of the Ffowcs Williams and Hawkings radiation
formulations, are gradually ﬁnding their way into longer term research projects that focus on developing viable tech-
nologies for reducing component level noise (e.g., landing gear, ﬂap sided-edge, slat cove, etc.) and demonstrating
the eﬀectiveness of these concepts in realistic environments.
7.2. What constraints, if any, limit the application of CAA to the prediction of airframe noise?
The most daunting constraints are the extreme geometric complexity and the wide range of scales associated with
the airframe components that produce the noise. In most instances, to compute the near ﬁeld ﬂow/noise sources, one
resorts to unstructured ﬂow solvers which are at best second order accurate and are much slower than their structured
counterparts. Furthermore, most CAA tools are computationally intensive and diﬃcult to use. Only those tools that
are relatively eﬃcient are likely to be employed with any regularity by industry. There is a lack of understanding of
airframe noise sources, and this is needed to produce robust, easy to use, and eﬃcient methods of suﬃcient ﬁdelity
to be adopted. There is also concern that installation eﬀects may play a major role in the aerodynamic eﬃciency and
noise radiation of airframe components that are currently evaluated in isolation.
A major constraint to the adoption of CAA for airframe noise simulation, beyond those mentioned above, is a lack
of validation data. Currently, and for the ﬁrst time, complete aerodynamic and acoustic datasets are being collected
for landing gear, but complete datasets for ﬂaps and slats are not publicly available. Finally computing hardware
limitations are also a big impediment.
7.3. What research is needed to expand the role of CAA in predicting airframe noise?
The list here is long:
• Complete aerodynamic and acoustic databases are needed for validation of all major airframe noise sources
• Further development of grid generation technology is needed to eﬃciently generate high quality meshes around
complex geometries without excessive user intervention. If these can be developed and successfully imple-
mented, feature-based grid adaptation would signiﬁcantly improve the accuracy as well as the turn-around time
for the type of unsteady simulations needed to predict airframe noise.
• Development of robust ﬂow solvers that will run eﬃciently on very large systems (thousands and soon to be
millions of processors) will expedite the use of CAA for airframe noise calculations.
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• Further development of numerical methods that maintain high accuracy around complex geometries.
• The development of data processing techniques to easily interrogate large, unsteady datasets. In particular,
high-order interfaces between near-ﬁeld acoustic source computation (typically on unstructured grids) and wave
propagation computation (typically on structured grids) need to be developed.
• The development of signal processing techniques for intermittent events that would alleviate the need to collect
extremely long temporal records.
• The development of suitable turbulence models for hybrid RANS/LES methods.
7.4. What impedes industry take-up of current and future CAA prediction capability for airframe noise?
In general, CAA for airframe noise does not work yet. It is a developing research ﬁeld, which is currently limited
to simpliﬁed geometries and requires expert intervention. Most current CAA methods for airframe noise prediction
lack the robustness, eﬃciency, and ease of use necessary to be used in an industry design environment. Virtually all
airframe noise prediction methods have not been suﬃciently validated.
8. Final comments
The material which was presented at the symposium and which has been reviewed in this article, has emphasised
the large discrepancies which exist between the relative eﬀectiveness and utility of CAA methods in diﬀerent areas
of aircraft noise prediction. In the case of (tone) source and propagation models for fan noise, the subject is quite
advanced and close to robust application in engine design. In the case of jet and airframe noise, the obstacles to the
application of CAA are more substantial. Many are associated with limitations of current computer performance,
but these also disguise associated problems involved in handling the very large quantities of data which would occur
if such calculations were possible. A common thread running through all of the applications is the need for better
validation data against which the eﬀectiveness of CAA methods for aircraft noise can be evaluated.
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